(19) 



Europaisches Patontamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 578 825 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
05.03.1997 Bulletin 1997/10 

(21) Application number: 92911831.3 

(22) Date of filing: 12.06.1992 



(51) Intel A C12P 19/26 
//C12N9/88 

(86) International application number: 
PCT/JP92/00757 

(87) International publication number: 

WO 93/15214 (05.08.1993 Gazette 1993/19) 



(54) PROCESS FOR PRODUCING N-ACETYLNEURAMINIC ACID 

VERFAHREN ZUR HERSTELLUNG VON N-ACETYLNEURAMINSAURE 
PROCEDE POUR LA PRODUCTION D'ACIDE N-ACETYLNEURAMINIQUE 



m 

CM 
00 

00 



Q. 
LU 



(84) Designated Contracting States: 
CH DE FR GB IT LI 

(30) Priority: 03.02.1992 JP 17206/92 

(43) Date of publication of application: 
19.01.1994 Bulletin 1994/03 

(73) Proprietor: MARUKIN SHOYU CO., LTD. 
Shozu-gun, Kagawa 761-44 (J P) 

(72) Inventors: 

• TSUKADA, Yojl, B-904, Familu Fushimi 
Kyoto-shi, Kyoto 612 (JP) 

• OHTA, Yasuhiro, 501, Ichibankan 
UJi-shi, Kyoto 611 (JP) 

(74) Representative: Vosslus, Volker, Dr. 
Dr. Volker Vosslus, 

Patentanwaltskanzlei - Rechtsanwaltskanzlei, 
Holbeinstrasse 5 
81679 Munch en (DE) 



(56) References cited: 
JP-A- 3 180190 

• J. AM. CHEM. SOC, vol.81, 1959 pages 2403 - 
2404 SPIVAK ET AL. 'Preparation of 
N-acetyl-D-mannosamine 
(2-acetamldo-2-deoxy-D-mannose) and 
D-mannosamino hydrochloride 
(2-acetamlno-2-deoxy-D-mannose)' 

• J. AM. CHEM. SOC, vol.80, 1958 pages 3166 - 
3167 ROSEMAN ET AL. 'The hexosamine moiety 
of N-acetylneuraminic acid (sialic acid)' 

• J. BIOCHEM., vol.96, no.2, 1984 pages 507 - 522 
UCHIDA ET AL. 'Purification and properties of 
N-acetylneuraminate lyase from Escherichia 
coli' 

• TETRAHEDRON LETTERS, vol.25, no.41, 1984 
pages 4663 - 4664 AUGE ET AL. 'Synthesis with 
immobilized enzyme of the most Important sialic 
acid' 

• J. AM. CHEM. SOC, vol.110, no.21, 1988 pages 
7159 - 7163 SIMON ET AL. 'Synthesis of 
CMP-NeuAc from N-acety (glucosamine : 
generation of CTP from CMP using adenylate 
kinase* 

• Biochem. J. 68, 1958, 57 

• J ACS 80, 1958,497 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 75001 PARIS (FR) 



EP 0 578 825 B1 



Description 

Field of The Invention 

s The present invention relates to a method for preparing N-acetylneuraminic acid. 

Disclosure of the Invention 

N-acetylneuraminic acid is an important substance in that it is a most ubiquitous substance in sialic acids, widely 
io distributed in organs, body fluids and secreting fluid of the living body and that the relation of N-acetylneuraminic acid 
to hemagglutination, inter-cellular recognition, metabolism of serum proteins and the like are known. 

N-acetylneuraminic acid, such an important substance, is hitherto prepared by hydrolysis of capsular polysaccha- 
ride of E. coli and also hydrolysis of natural material, such as a nest of petrel, an egg, milk and the like. 

The method using natural material as a raw material has problems in that it is difficult to prepare a large quantity 
15 of N-acetylneuraminic acid whose demand is increasing yearly due to the limitation of absolute amount of raw material; 
separation and purification of N-acetylneuraminic acid from other contaminants after hydrolyzing natural material is 
not easy; and that preparation cost of the acid is high. An inexpensive mass production technique of N-acetylneuraminic 
acid is not fully developed. 

To solve the problems, synthetic methods using an enzyme have been variously examined. 
20 For example, Kim et al. [J. Am. Chem. Soc., 110, 6481-6486 (1988)] reported a method for preparing N-acetyl- 

neuraminic acid by reacting N-acetylmannosamine with pyruvic acid in the presence of N-acetylneuraminic acid lyase. 
However, this method is not practical in that the method uses N-acetylmannosamine as a starting material which is 
expensive and difficult to procure it in a large quantity. 

N-acetylmannosamine can be prepared by isomerizing N -acetyl glucosamine in astrong alkaline condition, i.e., pH 
25 about 12 [Simon et al., J. Am. Chem. Soc., 110, 7159-7163 (1988)]. However, in this method the proportion of N- 
acety I glucosamine and N-acetylmannosamine is N-acetylglucosamine : N-acetylmannosamine = 3:1 in an equilibrium 
state so that the separating operation of N-acetylmannosamine is not easy because of a low proportion of N-acetyl- 
mannosamine. 

According to S. Roseman and G. Comb [J. Am. Chem. Soc, 80, 3166-3167 (1958)] N-acetylneuraminic acid may 
30 be produced from N-acetylglucosamine and pyruvate in a two-step reaction in which, in a first step, N-acetylglu- 
cosamine is converted to N-acetylmannosamine under alkaline conditions. 

A method for preparing N-acetylneuraminic acid by reacting N-acetylglucosamine with pyruvic acid in the presence 
of N-acetylneuraminic acid lyase and epimerase is also proposed [e.g., Kragl et al, Angew. Chem. Int. Ed. Engl., 30, 
827-828 (1991)]. In this method, N-acetylglucosamine is converted into N-acetylmannosamine successively, and then 
35 N-acetylmannosamine is converted to N-acetylneuraminic acid by the action of N-acetylneuraminic acid lyase. How- 
ever, acquisition of epimerase isomerizing N-acetylglucosamine is difficult, and also the conversion ratio from N- 
acety I glucosamine to N-acetylneuraminic acid is as low as 28 %. This method is not practical either 

It is an object of the present invention to provide a simple and practical method for preparing N-acetylneuraminic 
acid. 

40 The inventor has conducted an extensive research to accomplish the object and found that reacting N-acetylglu- 

cosamine with pyruvic acid in the presence of N-acetylneuraminic acid lyase in an alkaline condition, that is, high pH 
region, which is not used hitherto so as to avoid denaturation of the enzyme and due to departing from optimum pH 
of N-acetylneuraminic acid lyase, converts N-acetylglucosamine into N-acetylneuraminic acid effectively under a re- 
pression of enzyme denaturation because of the protecting effect of starting materials, i.e., N-acetylglucosamine and 

45 pyruvic acid. 

Thus, the present invention provides a method for preparing N-acetylneuraminic acid characterized in reacting N- 
acetylglucosamine with pyruvic acid in an alkaline medium having a pH of 8 to 1 2 in the presence of N-acetylneuraminic 
acid lyase. 

The pH value of the reaction mixture is in the range of 8 to 12, preferably 9 to 12, more preferably 10 to 12, most 
50 preferably 10 to 11. When pH value of the reaction mixture is too low, the reaction does not proceed because the 
conversion from N-acetylglucosamine to N-acetylmannosamine hardly or never occurs. On the other hand, when pH 
value of the reaction mixture is too high, reaction yield decreases due to denaturation of N-acetylneuraminic acid lyase. 
Reaction temperature is in the range of about 1 0 °C to about 80 °C, preferably about 20 °C to about 50 °C, and reaction 
time is in the range of about 30 minutes to about 240 hours, preferably about 20 hours to about 120 hours. The reaction 
55 js conducted on standing or in a stirred condition. 

The concentrations of each component are as follows: 

(1) The quantity of N-acetylglucosamine used, which is not specifically limited, is preferably used in a concentration 
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in the range of 1 to 20 W/V %, more preferably 1 0 to 20 W/V %. N-acetylglucosamine can be used in a concentration 
of up to saturated solubility. 

(2) The quantity of pyruvic acid used is, which is not specifically limited, is preferably used in a concentration in 
the range of 1 to 20 W/V %, more preferably 10 to 20 W/V %. Pyruvic acid can be used in a concentration of up 

5 to saturated solubility. 

(3) The quantity of N-acetylneuraminic acid lyase used, which is not specifically limited, can be selected from a 
wide range of concentration in accordance with an amount of substrates, and is preferably at least 0.01 U, more 
preferably 0.1 to 100 U, most preferably 1 to 50 U per 1 ml of the reaction mixture. 

10 When the concentrations of substrates, i.e., N-acetylglucosamine and pyruvic acid are too low, total quantity of N- 

acetylneuraminic acid produced become less. On the other hand, when the concentrations of substrates, i.e., N- 
acety (glucosamine and pyruvic acid are too high, purification of N-acetylneuraminic acid becomes harder due to de- 
crease of a proportion of N-acetylneuraminic acid. 

When the quantity of N-acetylneuraminic acid lyase used is too low, the reaction requires a longer period of time. 
is On the other hand, when the quantity of N-acetyfneuraminic acid lyase used is too high, it is bad economy because 
excessive N-acetylneuraminic acid lyase does not decrease reaction time and does not increase yield. 

A pH value of the reaction solution can be adjusted by adding basic substances such as sodium hydroxide, po- 
tassium hydroxide, lithium hydroxide and like alkali metal hydroxides, calcium hydroxide, magnesium hydroxide and 
like alkaline earth metal hydroxides, sodium carbonate, potassium carbonate, sodium bicarbonate, potassium bicar- 
20 bonate and like alkali metal carbonates or bicarbonates and ammonia and the like in a needed amount to adjust the 
solution to an aimed pH, or using alkaline buffer such as phosphate buffer, Trishydrochloric acid buffer, borate buffer, 
veronalhydrochloric acid buffer, Good's buffer, diethanolaminehydrochloric acid buffer and the like. 

N-acetyiglucosamine can be used in the form of free base or salts thereof, such as hydrochloride, sulfate and the 

like. 

25 Pyruvic acid can be used in the form of free acid or salts thereof, such as sodium salt, potassium salt, and the like. 

N-acetylneuraminic acid lyase derived from both animal and plant kingdoms can be used, and its enzymatic activity 
is not very affected by purity of N-acetylneuraminic acid lyase. 

N-acetylneuraminic acid produced by the method of the invention can be easily isolated from the reaction mixture 
by using known means. For example, crystal form of N-acetylneuraminic acid can be obtained from an organic solvent 
30 after purified on ion-exchange column chromatography. 

The method of the present invention has the following excellent effects, because the reaction can be conducted 
in an alkaline condition, in which it has been considered that enzyme is denaturated hitherto, in favor of enzyme- 
protecting activity of substrates. 

35 (1) The reaction for producing N-acetylneuraminic acid can be conducted in a high concentration of N-acetylglu- 

cosamine which is cheap and capable of acquisition in a large quantity so that mass production of N-acetyl- 
neuraminic acid becomes possible. 

(2) The method is a one-pot reaction so that the production step can be simplified. 

(3) Epimerase becomes unnecessary, because N-acetylglucosamine is isomerized to N-acetylmannosamine in 
40 an alkaline condition. 

(4) Under appropriate conditions as to pH of the reaction mixture, quantity of enzyme, substrate concentration and 
the like, N-acetylneuraminic acid can be produced in a high yield, i.e., 50 % or more in a molar ratio to N-acetylglu- 
cosamine. 

45 EXAMPLE 

The present invention will be described in greater detail using examples and comparative examples. However, the 
invention is not limited to these examples. 

so Example 1 

* Production of N-acetylneuraminic acid 

A 18 g of N-acetylglucosamine and a 18 g of pyruvic acid were dissolved in water. After adjusting the pH value of 
ss the solution to 10.5, followed by adding a 2000 U of N-acetylneuraminic acid lyase and adjusting total volume of the 
solution to 100 ml, the resulting solution was reacted at 30 °C for 48 hours. Determination of N-acetylneuraminic acid 
by HPLC indicated that the quantity thereof in a reaction mixture was 1 3g, and a conversion rate of N-acetylglucosamine 
used to N-acetylneuraminic acid was about 51 %. 
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The reaction product was isolated on ion-exchange column chromatography using Dowex 1 (registered trademark, 
product of DOW CHEMICAL CO.) and the eluates were concentrated. The concentrate was treated according to a 
conventional method to give 10 g of needle crystals of N-acety (neuraminic acid. 

5 Example 2 

A 100 g of N-acety (glucosamine and a 200 g of pyruvic acid were dissolved in 100 mM of phosphate buffer (pH 
10.0). After adding a 15000 U of N-acety (neuraminic acid lyase and adjusting total volume of the solution to 1 L, the 
resulting solution was reacted at 35 °C for 120 hours. The quantity of N-acetylneuraminic acid in a reaction mixture 
10 was 56 g, and a conversion rate of N-acetylglucosamine used was about 40 %. 

The reaction product was isolated on ion-exchange column chromatography using Dowex 1 (registered trademark, 
product of DOW CHEMICAL CO.) and the eluates were concentrated. The concentrate was treated according to a 
conventional method to give 42 g of needle crystals of N-acetylneuraminic acid. 

is Examples 3 to 23 and Comparative Example 1 

The reactions were conducted in the same conditions as in example 2 except for alteration of concentrations of 
N-acetylglucosamine and pyruvic acid, a concentration of N-acetylneuraminic acid lyase, reaction time and pH of phos- 
phate buffer respectively. 
20 The results are demonstrated in table 1 and table 2 as shown below. 



Table 1 



25 



* concentration of N-acetylneuraminic acid lyase: 10 U/ml 


Example 


PH 


substrate concentration (g/100ml) 


concentration of NANA (mg/ml) 


after 1 day 


after 5 day 






GlcNAc 


Pyr-Na 


reaction 


reaction 




8.0 


18 


18 


0 


1 


4 


9.0 


18 


18 


1 


3 


5 


9.5 


18 


18 


2 


7 


6 


10.0 


18 


18 


19 


50 


7 


10.5 


18 


18 


55 


130 


8 


11.0 


18 


18 


30 


60 


9 


9.0 


4.5 


4.5 


0 


1 


10 


9.5 


4.5 


4.5 


1 


2 


11 


10.0 


4.5 


4.5 


4 


11 


12 


10.5 


4.5 


4.5 


9 


20 


13 


11.0 


4.5 


4.5 


2 


3 


Comparative Example 


1 


7.5 


18 


18 


0 


0 



45 

Table 2 

* concentration of N-acetylneuraminic acid lyase: 1 U/ml 

50 

Example pH substrate concent ration 

concentration of NANA ( mg/ml) 
55 (g/ 100ml) after 1 day after 5 day 
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GlcNAc Pvr-Na reaction reaction 



14 


9.0 


18 


18 


0 


1 


15 


9.5 


18 


18 


1 


3 


16 


10.0 


18 


18 


2 


15 


17 


10.5 


18 


18 


7 


26 


18 


11.0 


18 


18 


2 


6 


19 


9.0 


4.5 


4.5 


0 


1 


20 


9.5 


4.5 


4.5 


1 


2 


21 


10.0 


4.5 


4.5 


3 


9 


22 


10.5 


4.5 


4.5 


6 


13 


23 


11.0 


4.5 


4.5 


1 


1 



The abbreviations in tables 1 to 2 have the 
following meanings . 

* NANA: N-acetylneuraminic acid 

* GlcNAc: N-acetylglucosamine 

* Pyr-Na: sodium pyruvate 

The results of table 1 and table 2 show that according to the method of the present invention, N-acetylglucosamine 
can be converted into N-acetylneuraminic acid in one step in high yield. 

Example 24 

* stability of N-acetylneuraminic acid lyase 

A 100 U of N-acetylneuraminic acid lyase, 1 .8 g of N-acetylglucosamine and 1 .8 g of sodium pyruvate were added 
to 100 mM phosphate buffer (pH 10.0), the total volume of the solution was adjusted to 10 ml and the mixture was 
reacted at 35 °C for 16 hours. The remaining activity of N-acetylneuraminic acid lyase after reaction was 100 % de- 
termined by dialyzing the reaction mixture against 100 times as much volume of the solution as 50 mM of phosphate 
buffer (pH 7.5), followed by reacting the lyase with a substrate (N-acetylneuraminic acid) and color imetrically deter- 
mining the amount of N-acetylmannosamine formed. 

Examples 25 to 43 

Stability of N-acetylneuraminic acid lyase was determined in the same conditions as in example 24 except for 
alteration of concentrations of N-acetyi glucosamine and pyruvic acid, a concentration of N-acetylneuraminic acid lyase, 
reaction time and pH of phosphate buffer respectively. 
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Comparative Example 2 

Stability of N-acetylneuraminic acid lyase was determined in the same conditions as in example 24 except that N- 
acetylglucosamine and pyruvic acid were not added. 

5 

Comparative Examples 3 to 11 

Stability of N-acetylneuraminic acid lyase were determined in the same conditions as in comparative example 2 
except that a concentration of N-acetylneuraminic acid lyase and pH of phosphate buffer were altered respectively. 
10 The results are demonstrated in table 3 and table 4 as shown below. 



Table 3 



15 


* concentration of N-acetylneuraminic acid lyase: 10 U/ml 


Ex.or Com. Ex. 


PH 


substrate concentration (g/100ml) 


Remaining activity of NANA lyase (%) 


GlcNAc 


Pyr-Na 




Ex. 24 


9.0 


18 


18 


100 




Ex. 25 


9.5 


18 


18 


100 


20 


Ex. 26 


10.0 


18 


18 


100 




Ex. 27 


10.5 


18 


18 


80 




Ex. 28 


11.0 


18 


18 


22 




Ex. 29 


9.0 


4.5 


4.5 


100 




Ex. 30 


9.5 


4.5 


4.5 


100 


25 


Ex. 31 


10.0 


4.5 


4.5 


100 




Ex. 32 


10.5 


4.5 


4.5 


80 




Ex. 33 


11.0 


4.5 


4.5 


10 




Com. Ex.2 


9.0 


0 


0 


100 


30 


Com. Ex.3 


9.5 


0 


0 


100 




Com. Ex.4 


10.0 


0 


0 


20 




Com. Ex. 5 


10.5 


0 


0 


0 




Com. Ex. 6 


11.0 


0 


0 


0 
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Table 4 
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* concentration of N-acetylneuraminic acid lyase: 1 U/ml 


Ex.or Com. Ex. 


PH 


substrate concentration (g/100ml) 


Remaining activity of NANA lyase (%) 


GlcNAc 


Pyr-Na 


Ex. 34 


9.0 


18 


18 


100 


| Ex. 35 


9.5 


18 


18 


100 


Ex. 36 


10.0 


18 


18 


97 


Ex. 37 


10.5 


18 


18 


70 


Ex. 38 


11.0 


18 


18 


30 


Ex. 39 


9.0 


4.5 


4.5 


100 


Ex. 40 


9.5 


4.5 


4.5 


100 


Ex. 41 


10.0 


4.5 


4.5 


98 


Ex. 42 


10.5 


4.5 


4.5 


60 


Ex. 43 


11.0 


4.5 


4.5 


8 


Com. Ex. 7 


9.0 


0 


0 


100 


Com. Ex. 8 


9.5 


0 


0 


98 


Com. Ex. 9 


10.0 


0 


0 


15 


Com. Ex.10 


10.5 


0 


0 


0 


Com. Ex.11 


11.0 


0 


0 


0 
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The results of table 3 and table 4 show that the existence of the substrates, N-acetylglucosamine and pyruvic acid J 
causes stabilization of unstable N-acetylneuraminic acid lyase in a wider pH range. 



s Claims 

1. A method for preparing N-acetylneuraminic acid characterized in reacting N-acetylglucosamine with pyruvic acid 
in an alkaline medium having a pH of 8 to 12 in the presence of N-acetylneuraminic acid lyase. 

10 2. The method as claimed in claim 1 , wherein the pH is 9 to 12. 

3. The method as claimed in claim 2, wherein the pH is 10 to 12. 

4. The method as claimed in claim 3, wherein the alkaline pH is 10 to 11 . 

15 

5. The method as claimed in any one of claims 1 -4, wherein the pH value is adjusted by the addition of at least one 
substance selected from the group consisting of alkali metal hydroxides, alkaline earth metal hydroxides, alkali 
metal carbonates, alkali metal bicarbonates and alkaline substances. 

20 6. The method as claimed in any one of claims 1-4, wherein the pH value is adjusted by the addition of at least one 
substance selected from the group consisting of sodium hydroxide, potassium hydroxide, lithium hydroxide, cal- 
cium hydroxide, magnesium hydroxide, sodium carbonate, potassium carbonate, sodium bicarbonate, potassium 
bicarbonate and ammonia. 

25 7. The method as claimed in any one of claims 1 -4, wherein the pH value is adjusted by using an alkaline buffer. 

8. The method as claimed in of claim 7, wherein the alkaline buffer is at least one buffer selected from the group 
consisting of phosphate buffer, Tris-hydrochloric acid buffer, borate buffer, veronalhydrochloric acid buffer, Good's 
buffer, diethanolaminehydrochloric acid buffer. 

30 

9. The method as claimed in any one of claims 1 -8, wherein the concentration of N-acetylglucosamine is 1 -20 WA/%. 

10. The method as claimed in any one of claims 1-8, wherein the concentration of pyruvic acid is 1-20 VwV%. 

35 11. The method as claimed in any one of claims 1-8, wherein the quantity of N-acetylneuraminic acid lyase used is 
0.1 to 100 U per 1 ml of the reaction mixture. 

12. The method as claimed in any one of claims 1-8, wherein the concentration of N-acetylglucosamine is 1-20 VW 
V%, the concentration of pyruvic acid is 1 -20 WA/% and the quantity of N-acetylneuraminic acid lyase used is 0. 1 
40 to 100 U per 1 ml of the reaction mixture. 



Patentanspruche 

45 1. Ein Verfahren zur Herstellung von N-Acetylneuraminsaure, gekennzeichnet durch die Umsetzung von N-Acetyl- 
glucosamin mit Brenztraubensaure in einem alkalischen Medium mit einem pH-Wert von 8 bis 12 in Gegenwart 
von N-Acetylneuraminsaurelyase. 

2. Verfahren nach Anspruch 1 , wobei der pH-Wert im Bereich von 9 bis 12 liegt. 

50 

3. Verfahren nach Anspruch 2, wobei der pH-Wert im Bereich von 10 bis 12 liegt. 

4. Verfahren nach Anspruch 3, wobei der pH-Wert im Bereich von 10 bis 11 liegt. 

55 5. Verfahren nach einem der AnsprOche 1 bis 4, wobei der pH-Wert eingestellt wird durch die Zugabe von mindestens 
einer Substanz, ausgewahit aus der Gruppe bestehend aus Alkalimetallhydroxiden, Erdalkalimetallhydroxiden, 
Alkalimetallcarbonaten, Alkalimetallbicarbonaten und alkalischen Substanzen. 



7 



EP 0 578 825 B1 



6. Verfahren nach einem der vorstehenden AnsprOche 1 bis 4, wobei der pH-Wert eingestellt wird durch die Zugabe 
von mindestens einer Substanz, ausgewahlt aus der Gruppe bestehend aus Natriumhydroxid, Kaliumhydroxid, 
Lithiumhydroxid, Calciumhydroxid, Magnesiumhydroxid, Natriumcarbonat, Kaliumcarbonat, Natriumbicarbonat, 
Kaliumbicarbonat und Ammoniak. 

5 

7. Verfahren nach einem der vorstehenden AnsprOche 1 bis 4, wobei der pH-Wert eingestellt wird unter Verwendung 
eines alkalischen Puffers. 

8. Verfahren nach Anspruch 7, wobei der alkalische Puffer mindestens ein Puffer ist, ausgewahlt aus der Gruppe 
10 bestehend aus Phosphatpuffer, Tris-HCI-Puffer, Boratpuffer, Veronal-Salzsaurepuffer, Good's- Puffer, Diethanola- 

min-Salzsaurepuffer. 

9. Verfahren nach einem der AnsprOche 1 bis 8, wobei die Konzentration von N-Acetylglucosamin 1-20 (Gew./VoL) 
% betragt. 

is 

10. Verfahren nach einem der AnsprOche 1 bis 8, wobei die Konzentration der Brenztraubensaure 1-20 (Gew./Vol.)% 
betragt. 

11. Verfahren nach einem der AnsprOche 1 bis 8, wobei die verwendete Menge an N-Acetylneuraminsaurelyase 0,1 
20 bis 100 Einheiten pro 1 ml des Reaktionsgemisches betragt. 



12. Verfahren nach einem der AnsprOche 1 bis 8, wobei die Konzentration des N-Acetylglucosamins 1 -20 (Gew/Vol.) 
%, die Konzentration der Brenztraubensaure 1-20 (Gew./Vol.)% und die verwendete Menge an N-Acetylneura- 
minsaurelyase 0,1 bis 100 Einheiten pro 1 ml des Reaktionsgemisches betragt. 

25 



Revendications 



1. Procede pour la preparation d'acide N-acetylneuraminique, caracteYise par la reaction de N-acetylglucosamine 
30 avec de I'acide pyruvique dans un milieu alcalin ayant un pH de 8 a 12 en presence d'acide N-acetylneuraminique 

lyase. 

2. Procede suivant la revendication 1 , dans lequel le pH est de 9 a 1 2. 
35 3. Procede suivant la revendication 2, dans lequel le pH est de 10 a 1 2. 

4. Proc6de suivant la revendication 3, dans lequel le pH alcalin est de 10 a 11. 

5. Procede suivant Tune quelconque des revendications 1 a 4, dans lequel la valeur de pH est ajustee par I'addition 
40 d'au moins une substance choisie dans le groupe consistant en hydroxydes de metal alcalin, hydroxydes de metal 

alcalino terreux, carbonates de metal alcalin, carbonates acides de metal alcalin et substances alcalines. 

6. Procede suivant Tune quelconque des revendications 1 a 4, dans lequel la valeur de pH est ajustee I'addition d'au 
moins une substance choisie dans le groupe consistant en hydroxyde de sodium, hydroxyde de potassium, hy- 

45 droxyde de lithium, hydroxyde de calcium, hydroxyde de magnesium, carbonate de sodium, carbonate de potas- 

sium, carbonate acide de sodium, carbonate acide de potassium et ammoniac. 

7. Procede suivant I'une quelconque des revendications 1 a 4, dans lequel la valeur de pH est ajustee par I'utilisation 
d'un tampon alcalin. 

so 

8. Procede suivant la revendication 7, dans lequel le tampon alcalin est au moins un tampon choisi dans le groupe 
consistant en tampon au phosphate, tampon au tris-acide chlorhydrique, tampon au borate, tampon au veronal- 
acide chlorhydrique, tampon de Good, tampon a la diethanolamine-acide chlorhydrique. 

55 9. Procede suivant I'une quelconque des revendications 1 a 8, dans lequel la concentration de N-acetylglucosamine 
est de 1 a 20 % en poids/volume. 



10. Procede suivant I'une quelconque des revendications 1 a 8, dans lequel la concentration de I'acide pyruvique est 
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de 1 a 20 % en poids/volume. 

11. Procede suivant Tune quelconque des revendications 1 a 8, dans lequel la quantite d'acide N-acetylneuraminique 
lyase utilisee est de 0,1 a 100 U pour 1 ml du melange reactionnel. 

12. Procecte suivant Tune quelconque des revendications 1 a 8, dans lequel la concentration de N-ac6ty (glucosamine 
est de 1 a 20 % en poids/volume, la concentration d'acide pyruvique est de 1 a 20 % en poids/volume et la quantity 
d'acide N-acetylneuraminique lyase utilisee est de 0,1 a 100 U pour 1 ml du melange reactionnel. 
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